Radiation grafting of itaconic acid (IA) onto cellulosic fabric in the presence of dimethylformamide (DMF) as a solvent by the mutual method is discussed. Factors affecting the radiation graft copolymerization were investigated. These factors include the radiation dosage, the monomer concentration and the solvent. The grafted samples were characterized using FT-IR spectroscopy, thermogravimetric analysis (TGA) and scanning electron microscopy (SEM). Utilization of the grafted cellulosic fabric waste in the removal of Methylene Blue (MB) from aqueous solution was examined. The adsorption data showed that the maximum adsorption capacity of Methylene Blue onto grafted cellulosic fabric waste was 38 mg/g.
INTRODUCTION
Effluents from dyestuff manufacturing and similar industries are generally highly coloured and contain a large amount of suspended organic solids. They are therefore important sources of water pollution. From an environmental point of view, the removal of synthetic dyes is of great concern, since some dyes and their degradation products may be carcinogenic and toxic. Consequently, they cannot be treated simply by biodegradation alone (Pagga and Braun 1986) . Hence, the decolourization of dyehouse effluent has become important in wastewater treatment with adsorption being used as a good method of dye removal from aqueous solution (Annaduai et al. 2002) .
The adsorbents used in recent studies of the removal of dyes from wastewater can be classified into three categories: (i) mineral supports such as activated carbon (Malik 2003) , (ii) vegetal material, generally agricultural by-products such as sunflower stalks (Shi et al. 1999; Hashem and Zamzam 2000) and (iii) biopolymers modified for adsorption enhancement such as aminated sawdust (Ibrahim et al. 1997 ) and cellulose bearing active groups (Hashem and El-Shishtawy 2001) .
It was presumed that poly(itaconic acid) (PIA) would be a more effective reactant than other polyacid electrolytes such as poly(acrylic acid), poly(maleic acid) and poly(4-vinylbenzoic acid) which contain a single anionic group. Thus, the focus of the present work centred on grafting cellulosic fabric with itaconic acid. However, the polymerization of IA using chemical initiation is very difficult and does not occur without a catalyst, especially when potassium persulphate is employed as the initiator (Yang et al. 2000) . Hence, the objective of the present work was to explore the feasibility of removing Methylene Blue dye from aqueous solution using PIA-grafted cellulosic fabric waste prepared using γ-irradiation as the initiator.
EXPERIMENTAL

Materials
Samples of cellulosic fabrics were kindly supplied by the Misr Company for Spinning and Weaving, El-Mahala, Egypt. The cotton fabric used in this study consisted of waste fabric pieces from different tailoring process, being mill-scoured and bleached plain weave cotton fabric. Itaconic acid was purchased from BDH Chemicals Ltd., Poole, England.
MB was supplied by Hoechst AG, Frankfurt, Germany and was used without further purification. This dye exhibits an absorption maximum, λ max , at 664.5 nm; its structure is depicted in Scheme 1. 456 A. Hashem et al./Adsorption Science & Technology Vol. 23 No. 6 2005 
Methods
Graft copolymerization
A known weight of fabric waste was placed in a round-bottomed flask, an appropriate amount of IA (dissolved in DMF) added and the polymerization reaction allowed to proceed using a 60 Co gamma source and different radiation doses. The resulting grafted fabric waste was washed thoroughly with distilled water and then extracted with hot water for 5 h in order to dissolve any homopolymer which may have been attached to the surface of the fabric. The grafted sample was then dried in an electric oven at 60°C to constant weight. The percentage grafted was determined by the percentage increase in weight according to the relationship:
where w 0 and w g represent the initial weight and the grafted weight of the fabric waste, respectively.
Adsorption experiments
To determine the adsorption isotherm, a known mass (0.2 g) of the adsorbent, i.e. grafted fabric waste, was immersed in a series of dye solutions of varying concentration without any pH adjustment. Thus, the adsorbent and the dye solution (100 ml) were placed in a 125 ml glass-stopped flask and shaken for 8 h at 150 rpm using a shaking water bath at 30°C. After equilibrium had been attained, the concentration of the dye remaining in solution, C e (mg/l), was measured using
a Shimadzu UV-vis spectrophotometer. The amount adsorbed at equilibrium, q e (mg/g), was obtained as:
( 2) where C 0 and C e are the initial and equilibrium liquid-phase concentrations (mg/l), respectively, V is the volume of solution (l) and W is the weight of the adsorbent sample (g).
Analyses
(i) FT-IR spectroscopy The FT-IR spectra of the grafted and ungrafted cellulosic fabric waste were recorded using a Perkin-Elmer Spectrum 1000 spectrophotometer over the spectral range 4000-400 cm −1 employing the KBr disk technique.
(ii) Thermogravimetric analysis (TGA) TGA measurements of the grafted and ungrafted fabric waste were performed using a Shimadzu TGA-50 type system employing nitrogen as the flow gas at a rate of 20 ml/min.
(iii)Scanning electron microscopy (SEM)
To carry out an SEM analysis of the ungrafted and grafted cellulosic fabric waste, the sample was first mounted on a standard microscope stub and coating with a thin layer of gold using a Polaron Diode Sputter unit. The analysis was performed using a JEOL JSM-15 scanning electron microscope.
RESULTS AND DISCUSSION
The mutual irradiation technique involves irradiating the cellulosic fabric waste in the monomer solution with γ-radiation. This results in radical formation on the cellulosic chain with the corresponding sites becoming the initiation points for side chains. At the same time, polymerization of the monomer is initiated by the radiation and thus a mixture of a graft copolymer and a homopolymer is obtained as shown in Scheme 2. 
Effect of radiation dose
The radiation dose was varied within the range 5-20 kGy at different monomer concentrations (20-50 v/v%) in order to study its influence on the percentage graft yield. As seen from the data depicted in Figure 1 , the values for percentage grafting increased at all monomer concentrations on increasing the radiation dosage within the range studied. This result is in accordance with that of previous studies (Dessouki et al. 1999) . The increase in the graft yield on increasing the radiation dosage may be attributed to a termination step involving the mutual interaction of two growing chains which is controlled by diffusion (Siyam and Youseff 1999) . This leads to an increase in the propagation reaction and retards the termination process.
Effect of monomer concentration
The relation between the percentage graft yield and the monomer concentration at different radiation dosages is depicted in Figure 2 . In the case depicted, four monomer concentrations in the range 20-50 vol% (in DMF) were studied at different radiation dosages in the range 5-20 kGy. It is clear that increasing monomer concentration was accompanied a significant increase in the degree of grafting at all radiation dosages. The increase in the percentage graft yield on increasing the IA concentration could be attributed to the greater availability of IA molecules to cellulose molecules at higher concentrations. Because of their relative immobility, the reaction of the hydroxyl groups on the cellulose chains depends on the availability of IA molecules in their vicinity. In addition, the solvent swells the cellulose and allows enhanced diffusion of the monomer to the active sites on the cellulose, thereby enhancing grafting.
FT-IR spectroscopy
FT-IR spectroscopy is a useful tool for investigating the fine structure of cellulose and chemicallymodified cellulose. The FT-IR spectra of ungrafted and IA-grafted cellulosic fabric waste are illustrated in Figure 3 , where the differences in the fingerprint regions are clear and confirm the grafting processs. This is illustrated by the appearance of a new band at 1703 cm −1 , characteristic of the carboxylic group of IA.
Thermogravimetric analysis (TGA)
The effect of the degree of grafting on the thermal stability of cellulosic fabric waste was studied using thermogravimetric (TGA) methods. Figure 4 depicts the TGA curves for (a) the ungrafted cellulosic fabric and (b) the IA-grafted cellulosic fabric waste. The results reveal a decrease in thermal stability with grafting. This may be attributed to the low thermal stability of poly(itaconic acid) as the increase in weight loss is most probably due to decarboxylation of the grafted cellulosic fabric. In addition, a slight decrease in the rate of thermal degradation of IA-grafted cellulosic fabric waste may be observed during the later stages of the degradation process. Figure 5 depicts the surface morphology of (a) the ungrafted cellulosic fabric waste and (b) the IA-grafted cellulosic fabric waste as determined by SEM methods. The micrographs show a pronounced swelling effect for the IA-grafted fabric waste, with the diameter of each individual fibre appearing somewhat greater than that in the ungrafted material. This demonstrates that the grafting process occurred mainly within the body of the fabric. In addition, the micrographs indicate that no cracks appeared in the fabric fibres due to grafting. Figure 6 shows the effect of agitation time on the adsorption of MB by the IA-grafted fabric waste. It will be seen that the amount adsorbed increased initially and then tailed off to achieve an apparent equilibrium state. The equilibrium time is that necessary for maximum adsorption of MB to occur onto the adsorbent surface with the adsorption remaining constant above this point. The equilibrium time was 35 min in the experiment depicted in Figure 6 , where the initial concentration of MB was 50 mg/l. It will be noted that the adsorption curve was smooth and continuous, indicating monolayer coverage of MB on the outer surface of the adsorbent.
Surface morphology
Effect of contact time on adsorption
Adsorption equilibrium
The adsorption isotherm for MB dye onto grafted fabric is shown in Figure 7 . It can be seen that the adsorption capacity increased as the initial concentration of MB increased with the maximum adsorption capacity of MB onto cellulosic fabric being ca. 38 mg/g. The data associated with such isotherms can be fitted by a number of theoretical models for the adsorption process. The two most frequently employed models are those associated with Langmuir (1918) and Freundlich (1907) and have been used in the present studies.
Langmuir isotherm
In its linear form, the Langmuir equation may be expressed by the relationship:
( 3) where X is the amount of MB adsorbed per unit weight of IA-grafted fabric waste at equilibrium concentration (mg/g), C e is the equilibrium concentration (mg/l), X max is the maximum adsorption at monolayer coverage (mg/g), while b is the adsorption equilibrium constant (l/mg) and is a measure of the energy of adsorption. Figure 8 shows the fit of the experimental adsorption isotherm data by the linearized form of the Langmuir equation. The numerical values of the Langmuir constants are summarized in Table 1 from which it is clear that the maximum adsorption capacity for MB onto IA-grafted fabric waste was 37.9 mg/g. This provides a clear indication 462 A. Hashem et al./Adsorption Science & Technology Vol. 23 No. 6 2005 (a) (b) of the presence of negative sites via grafting on the adsorbent surface. Such sites attract the basic dye molecules and lead to an increasing build-up of dye on the adsorbent surface. The essential features of the Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor, R L , which may be expressed by the following equation (Hall et al. 1966): (4) where C 0 is the initial concentration of MB employed (mg/l) and b is the Langmuir constant (l/mg). According to Hall et al. (1966) , the value of the parameter R L determines the shape of the isotherm as summarized in Table 2 . It is clear from the data listed in Table 1 that the R L values observed (which were between 0 and 1 at different concentrations) indicate favourable adsorption of MB onto the IA-grafted fabric waste. 
Freundlich isotherm
The experimental isotherm data were also fitted using the linear form of the Freundlich equation which may be expressed as follows (Freundlich 1907): (5) where X and C e have the same meanings as above and K F and n are constants representing the adsorption capacity (mg/g) and the adsorption favourability, respectively. The linear plot of log X versus log C e depicted in Figure 9 allowed the slope and intercept corresponding to 1/n and log K F , respectively, to be obtained. This gave values of 0.5 and 1 for K F and n, respectively. The correlation coefficient calculated for the Langmuir plot was 0.995 while the corresponding value for the Freundlich plot was 1.0. This indicates that the Freundlich relationship gave a better fit to the experimental values than the Langmuir relationship. The value of n obtained from the Freundlich plot was equal to unity (0 < n < 10), indicating that the adsorption of MB onto grafted fabric waste was favourable. 
